Will incomes of low and high skilled workers continue to diverge? Yes says our paper's dynamic, six-good, five-region -U.S., Europe, N.E. Asia (Japan, Korea, Taiwan, Hong Kong), China, and India -, general equilibrium, life-cycle model. The model predicts a near doubling of the ratio of high-to low-skilled wages over the century. Increasing wage inequality arises from a traditional source -a rising worldwide relative supply of unskilled labor, reflecting Chinese and Indian productivity improvements. But China's and India's education policies matter. If successive Chinese and Indian cohorts become more skilled, major exacerbation of inequality will be precluded.
I. Introduction experiences a major increase in its relative endowment of low-skilled, and to a lesser extent, middle-skilled workers.
These changes in relative world-wide factor endowments spell increasing wage-rate inequality. In 2005, our model's base year, the wage, measured in efficiency units, of high-skilled workers is 5.8 times higher than that of low-skilled workers. At the end of the century, it's 10.1 times higher. The ratio of the high-skilled wage rate to the middle-skilled wage rate starts at 1.9 in 2005 and ends at 2.3 in 2100.
China's and India's very high saving rates, which we assume decline gradually through time (via increases in these countries' time preference rates), help maintain a healthy world-wide ratio of capital to labor. But this fails to prevent the low-skilled wage rate, measured in efficiency units, from falling in absolute terms -by 32 percent -over the century. In contrast, the high-skilled wage rate rises by 18 percent. Middle-skilled workers see their wage rates, again measured in efficiency units, stagnate. In 2100, they are 1 percent lower than in 2005. Shutting down trade with China and India materially improves the prospects of low-skilled workers, but comes at a high economic price to developed regions' economies, whose long-run GDPs are reduced by almost 20 percent. Another casulty is the wage-rate of high-skilled workers, which end up one quarter lower than occurs with free trade.
In arguing that changes in world wide factor endowments will increasingly undermine the prospects of low-and, to a lesser extent, middle-skilled workers, we don't claim that this troubling aspect of globalization has been the dominant force raising income inequality in recent decades. As Lawrence (2008) and Gordon and Dew-Becker (2007) show, increases in the relative remuneration of the top 1 percent of earners explains much of what has been happening. Their explanations include superstar-agglomeration economies and compensation extraction by top management. Such explanations ring true, and these factors may continue to exert an influence on relative pay. But they are likely to be a side show to the main event, namely the ongoing arrival of hundreds of millions of low-and middle-skilled Chinese and Indian workers increasingly able to compete on equal terms with low-and middle-skilled workers in the developed world.
Worsening wage inequality is not, however, inevitable. If Chinese and Indian education policies limit growth in the world's relative supply of unskilled workers, the exacerbation of wage inequality can, as we show, be substantially mitigated. Indeed, if China and India end up producing workers with the same skill mix as the U.S., relative wages over the century will remain essentially unchanged. Hence, one way for the developed world to improve the lot of its low-skilled workers is to help improve China's and India's educational systems.
Our study builds on Fehr, Jokisch, and Kotlikoff (2007) , which excluded India, Taiwan, Hong Kong, and Korea. It also posited just one good produced with capital and a one type of labor. This single labor input comprised the sum of effective units of labor supplied by workers with low, middle, and high labor-efficiency coefficients. The basic message of this earlier work is that high-saving developing regions can help low-saving developed countries maintain a high level of capital intensivity along their demographic transition paths. What that study was unable to examine, however, was how badly lowwage workers might be hurt by global trade and whether the harm to low-wage workers would worsen over time.
As before, we incorporate a rich demographic structure and model fiscal institutions in detail. Agents give birth to fractions of children at each child-bearing age, with future age-specific birth rates closely tracking government projections. After age 67, agents die randomly based on current and projected mortality probabilities. Immigration is treated as exogenous, again based on current and forecasted patterns. Each region has progressive tax and transfer benefit systems. By modifying these system, we can study how fiscal policies alter international, intergeneration, and intrageneration distributions of welfare.
Sections 2 and 3 describe, in turn, the model, calibration, and data sources. Section 4 presents baseline and alternative policy results, including shutting down trade with China and India and changing Chinese and Indian education policy, and section 5 summarizes key findings and concludes.
II. Model
We start with demographics and then clarify household economic behavior, firm behavior, the macroeconomic equilibrium, and fiscal institutions.
Demographics
Agents in each region live at most to age 90. Consequently, there are 91 generations with surviving members at any point in time. The life cycle of a representative agent is described in Figure 1 . Between ages 0 and 20 our agents are non-working children supported by their parents. At 21 our agents go to work and become individual households. Between ages 23 and 45 our agents give birth each year to fractions of children. An agent's first-born children (fractions of children) leave home when the parents are age 43 and the last-born leave when the agents are age 66. Our agents die between ages 68 and 90. The probability of death is 1 at age 91. Children always outlive their parents, meaning that parents always outlive grandparents.
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We denote the population vector for year t by N (a, t, s, k) , where a = 1, . . . , 90, s = 23, . . . , 45, k = 1, 2, 3. The term s references the age of the parent at the time of birth 
where u = max(0; a − 45) and m = min (20, a − 23) . Recall that agents younger than 23 have no children and those over 65 have only adult children, i.e. KID(a, t, k) = 0 for 0 ≤ a ≤ 22 and 66 ≤ a ≤ 90. Agents between these ages have children. Take, for example, a 30 year-old agent. Such an agent has children who were born in the years (a − l) since she/he was 23. In year t, these children are between age 0 ≤ l ≤ 7. The KID-function (1) sums the total number of children of the respective parent skill-class generation and divides it by the total number of parents of age a in year t who belong to skill k. This function takes into account that the family's age structure will change over time due to changes over time in age-specific fertility.
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Our treatment of immigration is, by necessity, simple. In each year new immigrants in each skill and age group arrive with the same number and age distribution of children and the same level of assets as natives of the identical skill and age. Once they join a native cohort, they experience the same future age-specific fertility and mortality rates as native-born agents.
The Household Sector
The model's preference structure is represented by a time-separable, nested, CES utility function. Remaining lifetime utility U (l, t, s, k) of a generation age l at time t whose parents were age s at their time of birth and who belong to skill-class k takes the form
where V (l, t, s, k) records the agent's utility from her/his own goods and leisure consumption and H(l, t, s, k) denotes the agent's utility from the consumption of her/his children.
The two sub-utility functions are defined as follows:
denotes the aggregate consumption good, while c (j, a, i, s, k) and (a, i, k, s) denote consumption of goods j ∈ {1, 2, 3, 4} and leisure respectively, i = t + a − l, and κ(j, a) defines the consumption share of good j at age a, with 4 j=1 κ(j, a) = 1. In permitting these shares to vary with age, our model can accommodate age-related changes in, for example, demand for medical services. The elasticity of substitution between different consumption goods j is denoted by ω, where
where p(j, i) defines the consumer price of good j in year i.
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The children's aggregate consumption of skill-class k parents who are age a in period i and whose parents were age s at the time of their birth is defined asc K (a, i, s, k) , and the number of children supported by parents age a is KID(a, i, k) (see equation (1)). We assume that parents apply the same consumption shares κ(j, a) and substitution elasticities ω when they decide upon their children's consumption c K (j, a, i, s, k) .
Since lifespan is uncertain, the utility of consumption in future periods is weighted by the survival probability of reaching age a in year i
which is determined by multiplying the conditional survival probabilities from year t (when the agent's age is l) through year i. Note that d(l, t) is the mortality probability of an agent age l in year t. The parameters δ, ρ, ε and γ represent the rate of time preference, the intratemporal elasticity of substitution between consumption and leisure, the leisure preference parameter, and the intertemporal elasticity of substitution between consumption and leisure, respectively.
Given the asset endowment a(l, t, s, k) of the agent in year t, the lifetime budget constraint is defined by:
where r(t) is the pre-tax return, I (l, t, s, k) denotes inheritance received in year t. The budget incorporates our assumption that annuity markets are not operative. Instead, agents who die leave unintended bequests to their children. These children share equally in their parents' estates as well as in all the estates of other parents in the same skill group who die in that year. Thus, 50 year-olds in year t whose parents were age 28 when they were born will inherit an equal share of all the assets left by 78 year-old decedents in year t, where the total inheritors include all children of these decedents, not just those age 50. To be precise, the inheritance of agents age l in year t whose parents were age s at their birth are given by:
The numerator in this ratio measures the aggregate assets of skill-class k parents who die in year t at age l + s. The denominator measures the total number of children of these parents who are between ages l +s−45 and l +s−23 in year t. The receipt of inheritances requires us to distinguish members of each cohort according to the ages of their parents at the time the cohort members were born. The parents' ages at death determine when the children receive their inheritances. While the oldest children (born when their parents are age 23) receive their inheritances between ages 45 and 67, the youngest (born when their parents are age 45) receive their inheritances between ages 23 and 45.
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As in Altig, et. al. (2001) and Kotlikoff, Smetters and Walliser (2007) , we model technical progress as permitting successive generations to use time more effectively, whether in working or enjoying leisure. We implement this assumption by having the time endowment of successive generations in each region grow at the common rate λ. Denote h(a, i) as the time endowment of an agent age a at time i, then
This treatment of technical change ensures eventual convergence of the economy to a long-run steady state. Other formulations of technical change, such as making it laboraugmenting, preclude a steady state given the model's preferences. And our iterative method for determining the model's equilibrium transition path requires the terminal conditions provided by the economy's long-run steady state.
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Gross labor income of an agent in year i is derived as the product of her labor supply and wage rate. The latter is the product of the skill-specific wage rate w(k, i) in year i and age-and year-specific earnings ability governed by:
where i = t + a − l. Apart from the term ξ(i), this profile is taken from Auerbach and Kotlikoff (1987) . Note that the higher is the rate of technological change, λ, the steeper is the age-ability profile. This captures the role of technical progress in influencing not just the level, but also the shape of longitudinal age-earnings profiles. The productivity catch-up parameter, ξ(i), is region-specific. It's initially set to 0.65 in the EMU, 0.5 in NEA, 0.018 in China, and 0.01 in India, with these values chosen to match relative GDPs by region. Catch-up to the U.S. productivity level takes, as mentioned, 10 years for the EMU and NEA, 15 years for China, and 75 years for India, with the catch-up occuring linearly. Again, catch-up references the productivity new cohorts joining the workforce. In the case of China, for example, catch-up of new cohorts takes 10 years, but it takes 55 years for all Chinese workers with a given level of skill to have the same productivity as equally-skilled U.S. workers.
Net taxes, T (l, t, s, k), include consumption, capital income, and progressive wage taxes as well as social security contributions net of pension, disability, and health benefits received in the form of transfer payments. Given the assumed ceiling on payroll tax contributions, payroll tax rates, both average and marginal, differ across agents. Each agent's pension benefits depend on her pre-retirement earnings history, while healthcare and disability transfers are provided on a per capita basis.
Given price indicesp(a, i), interest rates r(i), and wages w(k, i), agents maximize utility (2) subject to the intertemporal budget constraint (8) and the constraint that leisure in each period not exceed the time endowment (i.e. (l, t, s, k) ≤ h(l, t) ). They do this by choosing their leisure and consumption demands, i.e., (l, t, s, k),c(a, i, s, k) and 6 Note that assuming a higher rate of technical progress is isomorphic to assuming a higher rate of fertility; i.e., having more people is equivalent to having fewer people who each have more time. Since fertility rates don't enter into production functions, we circumvent the problem of steady-state incompatibility. c K (a, i, s, k) . Demands for specific goods j ∈ {1, . . . , 4} are, then, derived from c (j, a, i, s, k 
Given individual consumption and leisure, agents' asset levels are derived from (8). Aggregate values of assets, consumption, and labor supply obey
Since households die at the beginning of each period, we aggregate across all agents alive at the end of the prior period to computeĀ(a+1, t+1, k), which is used in the calculation of bequests (see (9)). Total assets of agents alive at the end of period t + 1 satisfies
which includes the assets and numbers of period t + 1 immigrants.
The Production Sector
Each region produces all six goods. Aggregate output Y (j, t) of each good j is produced via a Cobb-Douglas technology that uses capital K(j, t) and skill-specific labor L(k, j, t), i.e.,
where 3 k=1 β(k, j) = 1. The parameter φ references total factor productivity, and α(j) and β(k, j) denote capital's share and the share of skill-specific labor inputs in production, respectively.
Profit maximization requires
where δ K is the depreciation rate and q(j, t) denotes the producer price of good j in t.
The Government Sector
Each region's government issues additional debt, ∆B(t), and collect taxes to finance general government expenditures q(6, t)C(6, t), those pension, healthcare, and disability benefits that are general-revenue financed, and interest on existing debt: Each government maintains its initial debt-to-output ratio over time. The progressivity of wage taxation is modelled after Auerbach and Kotlikoff (1987) , with marginal wage tax rates rising linearly with the wage-tax base. P Y (t) defines the aggregate payroll-tax base, which differs from total labor earnings due to the ceiling on taxable wages. This ceiling is fixed at 290, 200, 150, 300, and 300 percent of average income in the U.S., EMU, NEA, China, and India, respectively. Average payroll tax rates -τ
the pension, healthcare, and disability transfer programs are determined based on each region's transfer-program-specific budget, taking into account general revenue finance, i.e. (21) where P B(t), HB(t) and DB(t) are total outlays of the pension, health care, and disability systems, respectively. In China and India disability insurance provisions is handled by state pension systems and these systems don't separate disability and pension payments in their reporting. Hence, for these countries, the disabilty benefit payroll tax rate is set to zero, and the pension benefit payroll tax rate finances both types of benefits.
Due to contribution ceilings, individual pension, disability, and health-insurance payrolltax rates can differ from the average payroll tax rate. Above the contribution ceiling, marginal social security contributions are zero and average social security contributions fall with the agent's income. To accommodate this non-convexity in the budget constraint, we assume that the highest earnings class in each region pays pension payroll taxes and, in the EMU, NEA, China and India, health-insurance payroll taxes, up to the relevant ceilings, but face no payroll taxation at the margin. The other earnings classes are assumed to face the full statutory tax rate on all their earnings. The disability payroll taxes in the U.S., the EMU and NEA are modeled in an equivalent manner. However, since there is no ceiling on U.S. Medicare taxes, all skill groups in the U.S. face the health-insurance payroll tax at the margin.
If a k-skill class agent, whose parents were s years old at his birth, retired in year i at the exogenously set retirement ageā(i), her pension benefit P en (a, t, s, k) in year t ≥ i when she is age a ≥ā(i) is assumed to depend linearly on her average earnings during her working lifeW (i, s, k) :
The region-specific parameters ν 0 , ν 1 for the U.S., the EMU and NEA were chosen to match replacement rates reported in OECD (2007c). In China and India, only a fraction of public employees are covered by the public pension system. But spending on civil service pensions in China and India amounts to 2-3 percent of GDP (see James 2002 and World Bank 2005 ). Since we cannot distinguish between covered and non-covered employment in our model, we assume a pension-replacement rate of 40 percent of average pre-retirement earnings. The rate is far too low for covered employees and far too high for non-covered employees, but it results in realistic aggregate pension expenditures in the two countries.
General government expenditures q(6, t)C(6, t) consist of government purchases of goods and services, including educational expenditures and health outlays. Over the transition, the ratio of general government purchases of goods and services to GDP is held fixed. Age-specific per-capita education and disability outlays are assumed to grow with GDP per capita over the transition.
Age-specific health outlays per capita also grow with GDP per capita. However, in the U.S., EMU, and Japan we assume an additional growth rate of 2.0 percent per year during the first 20 years of the transition and of 1.0 percent between 2025 and 2035.
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In China and India, age-specific healthcare outlays per capita are assumed to grow at a faster pace: During the first 40 years of the transition there is an additional annual growth rate of four percent. Note that while we treat 80 percent of health benefits as government consumption and 20 percent as fungible transfers to households, disability benefits are modeled exclusively as fungible transfers to households.
During the transition, we keep the ratio of wage-tax to consumption-tax revenue fixed each year and balance the government's annual budget (20) by adjusting the intercept in our linear equation determining the average wage-tax rate as well as the consumption-tax rate.
Computing the Economy's Dynamic Equilibrium
To compute the world economy's perfect-foresight general equilibrium transition path, we start with initial guesses of the equilibrium factor and product prices of r(t), w (k, t), q(j, t) . We next use these prices to determine consumption demands, C(j, t, z) and supplies of both labor, L s (k, t, z) and assets, A(t + 1, z) for each year in each region z. We assume that consumption goods j = 1, 2 as well as the public good j = 6 are non-traded goods and that consumption goods j = 3, 4 as well as the investment good j = 5 are traded. Equilibrium in the traded goods market requires that world output equals world demand
where Y W (j, t) stands for total worldwide production of good j in year t and z references a region in the set W = {U.S., EMU, NEA, China, India}. Note that world output of the investment good is the difference between the world capital stock in t + 1 and t, which, in turn, is the difference between world wealth at t + 1 and t.
The time t world-wide supply of assets, A W (t), and world-wide labor supply of skill k, L
Factor demands in the non-traded sectors j ∈ {1, 2, 6} in each region z are determined by the first-order conditions
World factor markets must satisfỹ
referencing labor of skill type k per unit of output of good j,
referencing capital per unit of output of good j, in year t, and L s W (k, t) andÃ W (t) referencing, respectively, the world-wide excess supplies of labor and capital available for productive use in the traded sectors given the world-wide demands for these factors to produce non-traded goods. The second equalities in the above two equations state that the excess supplies of inputs available to produce traded goods must equal their respective world-wide demands by traded goods producers.
Substituting (19) into (29) and (18) into (30) leads to the capital and labor input-output coefficients in the investment good sector for every period t from
The producer price of the investment good is normalized to unity, i.e. q(5, t) = 1.0. This permits us to calculate the value of φ from the first-order condition for wage rates (equation (19)) so that the wage rate of U.S. unskilled workers is normalized to unity in the first period.
Next, we update our guesses of wages and interest rates by inverting (18) and (19)
In order to derive producer prices q(j, t) for private and public consumption goods we first compute the respective capital and labor input-output coefficients, θ K (j, t) and θ L (k, j, t) . Substituting the two first-order conditions (18) and (19) into the per-unit demand functions for capital and income-class specific labor we derive, after rearranging,
The new producer prices for goods j ∈ {1, 2, 3, 4, 6} are now computed from
which measures the unit cost of production as the product of input prices and their usage per unit of output.
We next use the factor input-output ratios and the total output of traded goods to allocate production to the different regions. Doing so lets us determine the regional pattern of net exports. Our procedure is to first derive, for each year t and every productivity level k, the excess labor supplyL s (k, t, z) in region z available for use in traded goods. We then relate these excess labor supplies to their respective excess labor demands; in so doing, we arrive at three equations in three unknowns, which we use to determine the share of worldwide production of each of the traded goods that occurs in region z. Equation (38) below states that traded-goods excess labor supplies of each skill type at time t in region z (the right-hand side of the equation) equals the sum over the three traded goods of the product of three variables -the input-output coefficient for the type of labor and traded good being considered, the world-wide supply of that traded good, and the share of world-wide supply of that traded good, θ Y (j, t, z) , that is being produced
Equation (38) (5, t, z) . Given values of these three variables, we can determine factor inputs in the traded goods sectors from
Note that nothing precludes our calculating negative values for the θ Y (j, t, z)s. Negative values are, of course, infeasible and indicative of specialization. Recall that our model features three immobile factors of production (the three labor skill groups), one mobile factor (capital), and three traded goods. These elements suffice for non-specialization and factor-price equalization, but they don't guarantee this outcome. As in the standard 2 by 2 trade model, if relative factor endowments are sufficiently distinct (e.g., one region has zero supply of a particular factor), specialization will arise and factor prices will not be equalized.
In our model, which features exogenous net immigration, we could modify our assumed skill-specific time paths of net immigration to restore factor prize equalization were it otherwise fail to arise. But making such assumptions would be at odds with prevailing immigration policy. An alternative and, actually, highly realistic way to restore, where needed, factor price equalization via factor mobility is to take into account the fact that domestic firms are now routinely employing offshore labor (e.g., software engineers, customer support representatives, telephone salespeople) to participate in their domestic productive processes via the internet and telephone. Such foreign employees are, in fact, working with the domestic firm's domestic employees as well as domestic capital in producing domestic output.
To accommodate this economic reality, we set up the following iteration. We set any negative output shares computed via equation (38) to zero and compute, using the remaining positive output shares, an updated and, of course, higher labor demand for each skill level in each region z . The difference, for each skill group, between total excess labor demand and total excess labor supply in the traded goods sector of region z is assumed to be acquired via offshore hires. We secure this skill-specific offshore labor by reducing the excess labor supplies for that skill group across the other four regions. The region-specific reductions are allocated in proportion to each of the relevant regions' shares of worldwide labor supply of the skill group in question. Given this resulting modification of excess labor supplies in the traded goods sector in each region, we then recalculate the output shares θ Y (j, t, z) and continue iterating in this fashion until all output shares are either positive or zero.
Clearly, other assumptions about the locus of offshore labor hires would result in different region-specific loci of world production. But they would not change the world (five-region) equilibrium transition path. This is just Rybczynski's Theorem (1955) in action; with complete factor mobility, one can't say anything about where products will be produced, although one can say everything about what will be produced and who will get paid what for that production. Of course, the world does not feature complete factor mobility. Our assumption is that the world (our five regions) has only enough factor mobility, including the hiring of labor offshore, to achieve factor-price equalization. We believe our assumption about where the offshore labor is located is reasonable and that the resulting region-specific GDPs, which rely (positively and negatively) on offshore labor, are realistic.
Our algorithm iterates until the time paths of interest and wage rates converge to a fixed point and supplies for each good equals its demand. We give our economy 300 years to reach to a steady state. In fact, our model reaches a steady state to many decimal places decades prior to year 300. It also converges very tightly around the equilibrium transition path.
III. Calibration
Population projections
This section describes our data set for the benchmark population in the year 2000 and the transition.
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The main data source for our population data is the medium variant of the United Nations population projections (UNPD, 2007) . In the case of Taiwan we had to rely on national population statistics provided by the Statistical Office (CEPD, 2007) . However, part of the raw data was only supplied in aggregates. In addition, the specific structure of our population model imposed certain restrictions on our data set.
To specify the current and future demographic structure of each region we start with year-2000 age-specific population [N (a, 2000) ] and age-specific net
counts. In constructing existing as well as future age-population counts, we have to link each initial cohort between the ages of 1 and 68 to those of their parents who are still alive. The reason is that children receive bequests from their parents, and the levels and timing of these inheritances depend on the ages of their parents. This linkage is achieved by applying past fertility rates to each cohort under age 69 in year 2000. If, for example, 15 percent of the parents of newborns in 1980 were 25 years old, then 15 percent of the 20-year-old's in year 2000 are assigned to parents age 45.
In addition, each cohort is split into three skill classes k. According to the latest figures on educational attainment from the U.S. Census Bureau (2008) , 15 percent of each cohort belong to the lowest skill class, 30 percent to the top skill class, and the remaining 55 percent to the middle skill class in the U.S., EMU and NEA. Since there are no available data detailing educational attainment in China and India, we assume that 22 percent of the overall population belong to the lowest, 25 percent to the top skill class, and 53 percent to the middle.
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To determine the evolution of the population in each region over time, we applied region-, age-, and year-specific mortality and fertility rates to the cohorts alive in year 2000 as well as to their children as they reach their ages of fertility and mortality. In the baseline path the exogenous current and future mortality and fertility rates follow the medium variant of the United Nations population projection (UNPD, 2007) for the U.S., EMU, NEA, China and India.
According to this projection, mortality rates will decline in all regions over time. Consider Northeast Asia whose 2005 life expectancy at birth equaled 81.2. According to official projections, NEA's life expectancy in 2050 will reach 86.7. Due to the high life expectancy of Japan, NEA's citizens now have a 3 year higher life expectancy than Americans and a 1.5 higher life expectancy than EMU citizens. In China, life expectancy is now 8.3 years lower than in Japan. In India it is 16.5 years lower. According to the UN projections, NEA countries will continue to maintain their longevity lead through time. Only India will reduce the gap significantly to 11.1 years in the next half decade. Table 1 shows our agent's life expectancies at birth in the baseline path, which is kept constant after year 2050. The respective numbers are higher than the actual values, since our model's agents don't die prior to age 68.
Total fertility rates currently equal 2.05, 1.5, 1.53, 1.73 and 2.8 in the U.S., EMU, NEA, China, and India, respectively. Nevertheless the United Nations expects fertility rates in all regions to converge to 1.85 children by 2050.
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This path of fertility rates is also shown in Table 1 . In the baseline path, we assume annual net immigration of 1 million per year in the U.S., 450,000 in the EMU, and 54,000 in NEA. Net immigration into China and India is negative. In accordance with UN projections, the number of net emigrants is fixed at its current value of 390,000 people per year in China and 280,000 people in India.
Given the population age structure in year 2000 as well as projected future fertility, mortality, and net immigration rates, we compute the population vector N (a, t, s, k)
for the years t between 2001 and 2050. After year 2050, fertility rates are endogenously adjusted in line with zero population growth and a stable population age structure. Since the net immigration rate is positive in the U.S., the EMU, and NEA, the populationstabilizing post-2050 fertility rates are below 2.0. Equivalently, the fertility rates in China and India are set above 2.0 after 2050 due to positive net emigration rates.
Table 1 also shows projected changes over time in total populations and population age structures. Due to high fertility and net immigration, the U.S. population is projected to increase from 293 million in 2005 to 445 million in 2100. In the EMU, the population falls over the century from 309 to 288 million. In Northeast Asia, the population falls from 204 million to 130 million. The Chinese population decreases by even more -from roughly 1.30 billion to 1.15 billion. In contrast, the population in India increases from 1.13 billion in 2005 to 1.5 billion in 2100; i.e., India becomes the most populous country in the world.
As one would expect, the population share of those 65 and older increases in all five regions. There are, however, major differences in the aging process across the regions. First, whereas the share of the working-age population increases in India until 2050, it decreases modestly in the U.S., but more substantially in the EMU, China and NEA. Second, the share of elderly increases to a much larger extent in Japan and China compared to India, the EMU, and the U.S. Table 1 indicates that our model's demographic machinery does a remarkably good job matching official projections for the five regions both with respect to the absolute number and age compositions of their respective populations. Timmer et al. (2007) . Services includes distribution and personal services. Housing includes construction and real estate activities. Low-tech consumption includes consumer manufacturing, agriculture, hunting, forestry, and fishing. High-tech consumption includes electrical and optical equipment, wood products, coke, petroleum, and nuclear fuel products, mining, electricity, gas, and water supply, post and telecommunications, and finance and business. Investment includes machinery, transport equipment, chemical products, rubber and plastic products, non-metallic mineral products, and basic metals and labor inputs for 26 different production sectors as well as the shares of high-skilled, medium-skilled and low-skilled labor in total labor inputs. The annual data base covers most OECD countries as well as various country groups during the period 1970-2004. Given this sectoral aggregation, we computed the capital income shares as well as the skill-specific labor shares from the 2004 (SIC based) U.S. data as reported in Table 2 . As one would expect, capital income shares are especially high in the housing sector; they are especially low in the private service and public goods sectors. Note that with the exception of housing our capital shares accord closely with the sector capital shares reported in Valentinyi and Herrendorf (2008) .
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As indicated in the table, the low-tech consumption good and housing sectors have the highest shares of low-skilled labor; the high-tech consumption good sector, the non-housing services sector, and the public good sector have the highest share of high-skilled labor. Finally, the depreciation rate is set at the same rate for all countries. (2007) for China, and OECD (2007e) for India. The U.S., EMU, and NEA time-preference rates are held fixed through time. But in line with our baseline assumption that the Chinese and Indian public will eventually adopt developed economies' spending habits, we gradually raise the time preference rate of successive Chinese and Indian cohorts so that the cohorts that reach adulthood (age 21) in 2030 and thereafter have the same time-invariant time-preference rate as in the and fabricated metal products. Public goods includes public administration, education, and health.
12 Their housing sector is confined to construction, whereas our housing sector is meant to include imputed rent from housing services.
13 Note that all macroeconomic values for NEA are compared to official data reported for Japan.
U.S. The intertemporal elasticity of substitution, the elasticity of substitution between consumption and leisure, and the leisure preference parameters are taken from Kotlikoff, Smetters, and Walliser (2007) . The elasticity of substitution between consumption goods was chosen to generate a pattern of demand that accords with U.S. consumption data. The age-specific weights of the different consumption goods in the utility function are derived from U.S. Department of Labor (2007), where we aggregated the different consumption goods reported there according to our table 2 classification. Note that the consumption shares vary significantly with age, with housing's share rising considerably with age. It may be useful, at this point, to point out that there are five different factors involved in the determination of a worker's total labor earnings in a given year. The first is the worker's effective time endowment, which, as indicated above, depends on when the worker is born and on the rate of technical change. The second is the share of the worker's effective time endowment that she chooses to allocate to working, rather than to leisure. The third is the labor-productivity coefficient, ξ, just mentioned. The fourth is the remaining elements in (11), which capture how productivity changes with the worker's age and, therefore, depend on the worker's age. And the fifth is the equilibrium wage rate per effective unit of labor supply for the worker's skill group.
The model's debt-to-GDP levels were set based on OECD ( and India. We calibrated the endogenous consumption and wage tax rates and set the personal capital income tax rates in order to yield the structure of indirect and direct tax revenues reported in European Commission (2008) for the U.S., the EMU, and NEA and in OECD (2002) and Poirson (2006) for China and India. Our wage tax systems are assumed to be progressive, with the parameters of each region's tax system set to generate what appears to be realistic average and marginal tax rates.
In calibrating health expenditures in our model, we apply the Japanese age-specific government healthcare expenditure profile for NEA as well as China and India. In the case of the EMU, we use the German profile. For the U.S. our profile comes from Hagist and Kotlikoff (2009) . We assume uniform disability expenditures by age for ages between 21
and 64 in the U.S., the EMU, and NEA. We don't model separate disability programs for China and India. In the case of the U.S., EMU, and NEA, total social insurance outlays for pensions, disability, and health, measured as a share of GDP are set to accord with the values reported in OECD (2007b, c, d) . In calibrating social security contribution rates, we assume that 75 percent of overall healthcare benefits in the U.S. and 25 percent in NEA are financed by general taxes. In the EMU, we assume that 20 percent of the outlays of all three social security systems (health, pension, disability) are financed by general taxes. Note that our baseline path assumes a gradual 20 percent cut in NEA pension replacement rates through 2017 in accord with recent pension reforms in Japan.
For China our division of social insurance outlays is restricted to pensions plus disability payments; for India we assume that social insurance outlays are spent soley on health expenditures. Calibration of social insurance outlays here is based on OECD (2005) for China. Since data on India were not available we assumed the same values as for China.
We use the German age-specific education profile (due to data availability) for all regions in the model and rescale it to get realistic education outlays in year 2005 in each region (see below). In addition to these parameter values, our model requires an initial distribution of assets by age and income class for each region. These profiles are region-specific and were adopted from a steady-state run of our simulation model.
IV. Findings 1. Initial equilibrium and baseline path
This section reports our baseline transition path findings. We start in Table 4 Bank (2007) . The disaggregation of public goods is based, in part, on OECD (2005 OECD ( , 2006b ) data on education outlays and, in part, on the aforementioned assumption that 80 percent of government health expenditures is government consumption. General public expenditures is calculated as a residual.
Our model's trade balances agree in sign, but not value, with actual values. But given that our model excludes regions outside of our five, one should probably not expect too much concurrence with respect to trade balances or current accounts. As already explained above, outlays of the social security systems were calibrated to yield the official values from OECD (2007b, c, d) . The official contribution rates for pensions, health-care and disability were taken from SSA (2006) for the U.S. and from SSA (2007) for NEA (Japan), China and India.
14 Obviously, our pension and health insurance contribution rates in China and India deviate from official figures. Our model assumes that all households in all regions are covered by the government's pension system whereas only about 23 percent of the total workforce in China and India are so covered. (Deutsche Bank Research, 2006) . Table 5 reports the baseline path of GDP for the five regions as well as the evolution of domestic capital stocks, labor demands, and average effective wage tax rates. first point of interest is the growth of the U.S. economy relative to the EMU and NEA economies. U.S. GDP expands by a factor of 4.6 over the century, whereas EMU GDP expands by a factor of only 3.5, and NEA GDP expands by a factor of only 2.8. These differences reflects, in large part, demographic differences across the regions, particularly the absolute population decline in NEA.
China's GDP, in contrast, starts at 19 percent of the U.S. value, but overtakes the U.S. by 2020. But once China's productivity levels reach U.S. values, its growth slows. Consequently, by 2100, China's GDP is only 1.9 times the U.S. level. The results for India are also quite interesting. Thanks to India's slower productivity growth, its growth explosion occurs in the second half of the century. But by century's end, India's GDP is 2.4 times U.S. GDP and 1.2 times China's. Together, China and India account for 4.3 times U.S. GDP in 2100, and U.S. GDP, which accounts for 38.5 percent of total 5-region GDP in 2005, accounts for only 16.0 percent in 2100. In short, the U.S. becomes a small player in the developed world.
The growth of output can be explained, in part, by the growth of inputs. Table 5 shows that the capital stock in each region grows almost in lockstep with GDP in each region. Equilibrium labor demand (and supply) rise both because of technical progress (the expansion of effective time available to successive cohorts) and changes in labor supply.
In the other regions, this growth also reflects changes in labor productivity as successive new cohorts of workers gradually attain U.S. productivity levels. The key points of interest in Table 5 are the very rapid expansions of labor supply in China between 2005 and 2030 and in India between 2050 and 2100. Table 6 examines how components of GDP evolve in the five regions. Over the first 25 years, the U.S. runs sizeable annual trade deficits as it imports capital from China, whose very high saving rate leads to considerable asset accumulation and large trade surpluses. Ultimately, the returns from these investments in the U.S. must be repatriated, which explains why the U.S. runs such large trade surpluses toward the end of the century and why China runs such large trade deficits. We can see this clearly in the patterns of wealth accumulation and capital usage in the U.S. and China over time. In 2100 capital employed in the U.S. exceeds U.S. national wealth by a factor of two. In China, national wealth exceeds capital employed by one quarter. The EMU also ends up with a 2100 capital stock that is twice as large as its national wealth; i.e., if all it wealth were invested at home, citizens of the EMU would own only half of the region's total capital stock in 2100. In contrast to China, India uses much more capital than it owns until the very end of the century. In NEA there is a relatively close balance between employed capital and owned capital over the period. The table shows that trade and current account deficits can be very sizeable for decades before they reverse their sign and that their pattern is not easily forecast. I.e., there are a host of complex, interconnected factors determining their time paths including inter-regional differences in saving behavior, demographics, and fiscal policies.
Consider next how average effective wage tax rates evolve. As indicated in Table 5 , this tax rate comprises the payroll tax rate, the average wage (labor income) tax rate, and the average consumption tax rate.
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All five regions experience dramatic increases over time in tax rates. In the U.S., average effective wage tax rates rise from 38.9 percent in 2005 to 68.7 percent in 2100. This is a larger percentage increase than in the EMU, which starts with a 58.0 percent average rate and ends up in 2100 with an 80.3 percent average rate! In NEA, the average effective wage tax rate rises from 58.4 percent to 69.6 percent.
These are startlingly high tax rates in the case of the three developed regions. Do they make sense? They do given two factors. First, all three regions have very significant pay-go social insurance programs whose benefits are disproportionately distributed to the elderly. Given the dramatic aging (see table 1) now underway, one would expect major tax hikes simply to finance these benefits. Second, healthcare benefit levels have risen and can be expected to continue to rise much faster than per capita GDP in each of the three regions. Recall that we are assuming for the U.S., EMU, and NEA a growth rate in healthcare benefit levels that is two percentage points higher than the growth rate of per capita GDP for the first 20 years of the transition and one percentage point higher for the following 10 years. As indicated in Hagist and Kotlikoff (2009) , this is actually a rather conservative assumption. In the U.S., for example, the 1970-2002 average annual growth rate of real government healthcare benefit exceeded the average annual growth rate of per capita GDP by 2.6 percentage points. Since 2002, the differential appears to have been much larger thanks to the introduction of Medicare Part D prescription drug benefits and a huge expansion of Medicaid coverage.
Tax rates in both China and India also end up much higher at the end of the century, but before then they fall considerably, in the case of China, and moderately, in the case of India. The explanation is the expansion of the labor income of younger generations thanks to our assumptions concerning cohort-specific labor-productivity increases. Over time, as the entire labor force becomes fully productive and as these fully productive generations retire, their higher earnings histories translate into higher old age healthcare and pension benefits, whose financing requires higher tax rates. As indicated, we're also assuming a very sizable growth rate in healthcare benefit levels (4 percentage points above the growth rate of per capita GDP) for the next four decades in these two regions. Our rationale is that these countries are starting out with very low levels of healthcare benefits; and their governments will face strong pressure from their populations to improve this situation. Table 5 shows the compositions of the tax rate increases. In the U.S. and EMU they are coming disproportionately from increases in payroll and consumption tax rates. In NEA, the major increase is from payroll taxes. This is also the case in China and India, where long-run average wage tax rates (the rates applied to wages via income taxation) differ either not at all or very little from their initial values and where long-run consumption tax rates are lower and, in the case of China, significantly lower, than their initial values. The decline in consumption tax rates compared to wage tax rates reflects the expansion of the consumption tax base relative to the wage tax base. The explanation lies in a) changes over time in China's and India's time-preference rates that lead the countries to spend more and save less and b) the significant aging of the two countries' populations, which generates relatively large numbers of elderly whose principal occupation is consuming, rather than working. Changes in factor prices are shown in Table 7 . As in Fehr, et. al. (2007) , the interest rate decreases through mid-century thanks in large part to China's extremely high propensity to save. In the second half of the century it increases again, but ends up in 2100 some 120 basis points below the year-2005 value. These real interest rate developments are interesting; even more interesting is what happens to the levels and distribution of real wage rates.
According to Table 7 , low-skilled wages per unit of effective time decrease continuously during the century. By mid-century the level of wages for low-skilled workers is only 75 percent of the year-2005 level; in 2100 it is only 68 percent of the initial level. Wages per unit of effective time for medium-skilled workers remain almost unchanged during the transition. In contrast, the wage rate of high-skilled workers per unit of effective time increases through mid-century; in 2050, it is 23 percent above its initial value. After 2050, the high-skilled wage rate falls, stabilizing in 2075 at 18 percent above the 2005 level. Wage-skill differentials in the medium and long runs are much larger than those that now exist. In 2005 the high-skilled wage rate exceeds the low-skilled rate by a factor of 5.83. By 2050 this factor is 9.5. In 2100 the factor is 10.1! Producer prices remain almost constant during the transition; i.e., we see major changes in relative factor rewards with only minor changes in relative producer prices. Producer prices can be traced to unit costs, but when relative factor prices change, unit costs need change very little as the costs of some factors rise and other fall. In addition, substitution away from relatively expensive factors limits changes in producer prices.
Our model generates significant changes in the region-specific structure of production during the transition. In all regions investment good production increases during the first half of the century and decreases afterwards. Production of the low-tech good is completely eliminated in the developed regions in the medium and long run. Interestingly, the high-tech good sector (good 4) is reduced in China in the short run, but increases again in the long run. In contrast, public good production increases in all regions during the transition. Finally, the service sector (good 1) declines somewhat in the developed regions and expands in the developing regions. Our model also generates an increasing demand for services over time, whereas the demand for the traded low-tech and high-tech good decreases slightly in all regions. These developments reflect the changing demands of aging populations due to the specific age-dependent consumption shares assumed for the different consumption goods.
Over time, the developed regions as well as India after 2030 become major importers of the low-tech consumption good (good 3) while China becomes the world's primary exporter of this good. The opposite holds for the high-tech good which is mainly imported by China and exported by the U.S. (second half of the century), EMU and India. China and India are the main importers of the investment good while this good is exported by the developed regions. Finally, all three developed regions become increasingly dependent over time on off-shore low-skilled labor. By the end of the century between one fifth and one quarter of the developed regions' low-skilled labor forces are hired off shore.
Alternative Policies
We explore next how shutting down trade with China and India would affect the developed regions. We consider this case by simply excluding India and China from our simulation model. The calibration of the remaining regions remains unchanged. Table 8 reports macroeconomic variables. Note that we express all indexes relative to the U.S. year-2005 levels of the baseline path.
As the table indicates, excluding China and India has dramatic effects on the economic development in the developed regions. Capital stocks in all three regions in the initial years of the transition are higher compared to the five-region case since more capital now remains in the developed world. For example, in 2020 the capital stock index in the U.S. is 1.46 compared to 1.27 in the five-region simulation (see Table 5 ). However, in all three regions, capital stocks as well as levels of GDP grow to a much smaller extent over time compared with the baseline. These developments are also reflected in the path for payroll tax rates. These rates increase to a larger extent in the medium run. In the short and long run they are below their respective baseline values.
The most interesting finding of excluding China and India is its impact on the wage structure, see Table 9 . As before, wage rates for low-skilled workers decrease during the transition but to a much smaller extent than in the baseline. By the end of the century, the low-skilled wage rate is 95 percent of the year-2005 level; it was 68 percent of the year-2005 level in the base case. The reason, of course, is that absent China and India there is no major increase over time in the relative world supply of low-skilled workers. Wages for middle-skilled workers are largely unchanged, but the high-skilled wage rate Developed world long-run GDPs are also significantly affected by moving to autarky with respect to China and India. For example, U.S. GDP in 2100 is reduced by 14 percent. Total developed region GDP is reduced by 17 percent. These reductions in GDP suggest that there are sizeable gains from trade, which could be shared with low-skilled workers were the developed countries to adopt the right redistribution policies. Exploring such policies is on our agenda for the next draft of this paper.
To assess the sensitivity of our results to our labor productivity assumptions, we ran two further simulations. The first assumes that the labor productivity of successive new cohorts of workers in China increases to the developed world's level in 25 years instead of 15 years. The second run assumes an adjustment over 50 years. Since the qualitative results of these two simulation runs were very similar, with much slower economic growth in China in the short and medium runs than in the baseline path. For example, China's 2030 GDP is now only 47 percent of its baseline level. Slower growth in China means a smaller supply of Chinese saving to the rest of the world. This, in turn, means lower rates of domestic investment and slower rates of growth in the other four regions. This translates into higher payroll and other tax rates and less growth in real wage rates, particularly among high-skilled workers (see Table 9 ).
Our next exercise shows how preventing government healthcare benefits from growing over the next decades at higher rates than per capita GDP would affect the global equilibrium and, most importantly, region-specific tax rates. The key differences here are with respect to long-run tax rates. As shown in Table 10 , the U.S. long-run average effective wage tax rate is now 58.4 percent, rather than 68.7 percent. In the EMU, it's 69.5 percent, not 80.3 percent. The NEA rate ends ups at 59.2 percent, compared to 69.6 percent.
China's rate in 2100 is 34.3 percent, not 41.2 percent. And India's rate is 32.7 percent, rather than 39.8 percent. Interestingly, the lower tax rates don't manifest themselves in higher GDPs. The reason is income effects on labor supply; agents in our model respond to their tax cuts by consuming more leisure, not working harder, which leaves aggregate output little changed from the baseline case.
Finally, we simulated successful education policy in China and India by which we mean that over the next 30 years the two countries succeed in providing new cohorts with the same distribution of skills as is the case for new cohorts in the developed economies.
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Recall that in 2005, we assume that 22 percent of the overall population in China and India belong to the low-skill group, 25 percent to the highest, and 53 percent to the middle. By 2035, these shares have converged to 15, 55, and 30 percent, respectively.
Simulating this policy generates little difference in overall macroeconomic conditions (see Table 11 ). The main effect is on relative GDPs. Year-2100 GDPs in the developed regions are about 8 percent smaller, while they are about 10 percent larger in China and India. The real impact of the policy is on wages. As shown in Table 9 , the wage rates per efficiency unit of all three skill classes now ultimately increase and wage inequality remains roughly constant over time. Rather than falling to .68 in 2100, the low-skilled wage is now 1.05 at Century's end. This improvement in low-skilled wage rates comes at the price of a wage-rate reduction for high-skilled workers. In 2100 their wage rate is now 6.02 compared with 6.86 in the base case. As for inequality, the base-case ratio of high-skilled to low-skilled wage rates in 2100 was 10.1. It's now 5.7. The middle-skilled workers also experience some improvement in their relative remuneration. Their long-run wage rate is now 3.09 compared with 2.97 in the base case. 
V. Conclusions
This paper developed a new 5-region, dynamic, general equilibrium, life-cycle model to analyze the impact of globalization on the world's demographic/fiscal transition path, particularly the course of wage inequality. Our model includes multiple traded and non- with low-skilled workers, there is an ongoing and very major increase in the world's relative endowment of low-skilled labor. This spells portends further dramatic increases in wage rate inequality over the century.
Our model also shows that the dramatic aging process now underway in the developed world, China and, ultimately, India, coupled with very high projected growth rates in government-financed healthcare benefits, will greatly challenge fiscal institutions leading to tremendous increases in effective wage-tax rates -increases that are barely feasible in our model and may be infeasible in the real world. Notwithstanding these tax hikes, the model predicts world-wide capital deepening thanks to large supplies of capital forthcoming from China and India, whose saving rates are assumed to remain relatively high over the medium term.
Excluding China and India from trade with the developed regions succeeds in limiting wage-rate inequality. But it comes at a major cost to developed world output, reducing the long-run (year 2100) GDP of the U.S., EMU, and Japan (plus Taiwan and Korea) by 17 percent compared with the case of free trade. It also reduces capital intensivity, raising the long-run real interest rate by 90 basis point. On the other hand, this policy keeps the wage rates of low-skilled workers from falling over time, leaves the long-run wage rate of middle-skilled workers essentially unchanged, and leaves the long-run wage rates of high skilled workers 2.5 percent lower rather than 23 percent higher.
17
In suggesting that trade with China and India may increasingly undermine the relative prospects of low-skilled and middle-skilled workers, we don't contend that this troubling aspect of globalization has been the dominant force in recent decades in exacerbating income inequality. But the main future concern is surely the effective arrival of hundreds of millions of low-skilled Chinese and Indian workers able to compete on equal terms with low-skilled workers in the developed world.
Worsening wage rate inequality is not inevitable, however. As we show, if Chinese and Indian education policies begin to produce new high-, middle-, and low-skilled workers in the same proportions as now occurs in the developed regions, the exacerbation of wage inequality can be fully reversed. Consequently, one of the best ways the developed world can assist its unskilled workers is to help improve education in China and India.
